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                                Abstract 
                A series of measurements of the unidirectional long wave radiation from 
         each zenith angle has been  carried out in clear nights at Sendai from September
         1953 to March 1954 with the instrument, similar to the  LIN10E-FEUSSNER type 
         radiometer, of 14 copper-constantan elements enclosed with  the cylindrical water
         jacket to avoid the effect of convection. A fairly good agreement was seen between 
         the observed results and the computed ones with use of the  YAIVIAMOTO radiation 
         chart. The presence  of the additional radiation suggested by  ROBINSON was 
         examined in connection with our observations and it was shown that the additional
         radiation does not present in the atmosphere and that it is the apparent phenomena 
         due to the imperfection of the  ROBINSON  'S  method  of  derivation  c  f the isothermal 
         emissivity. It must be remarked that the above statement does not mean to 
          underestimate the observations of  ROBINSON, which ought to be reckoned 
          among the most excellent ones. 
1 Introduction 
   The downward atmospheric radiation, which is a predominant factor for the nocturnal 
cooling has been measured by many observers. The observed results were shown to be 
expressed by the empirical formulae, such as given by BRUNT or  ANGSTROM. These 
formulae, however, can not cover the various cases realized in the atmosphere and 
accordingly the observed results are seen to scatter considerably around the empirical mean 
curves. 
   On the other hand the efforts of  MDGGE and  MOLLER [4],  ELSASSER  ̀ ‘_i] and  ROBINSON 
[7, 8] etc., made it possible to solve the radiative transfer equation  by the graphical methods. 
Such graphical methods seem to replace the empirical formulae of BRUNT and Angstrom 
in estimating the atmospherec  ra.dition. From this point of view it is important to examine 
the validity of the radiation chart by the observed data of atmospheric radiation. Such 
an examination has been carried out on some radiation charts, proving the advantages of 
the charts over the empirical  fomula.e and at the same time revealing some shortcomings 
of the charts still unremoved. 
   Recently YAMAMOTO  [9] has constructed a new radiation chart and the present 
investigation is intended in some part to examine the validity of the YAMAMOTO chart in 
comparison with observations. 
   It has been reported by ROBINSON [7] in the course of analysis of his observations at 
Kew Observatory that a variable additional radiation of from 0 to 8 per cent of the total 
would present which would be attributed to some radiators other than water vapour and 
carbon dioxide. His suggestion, however, was based on the computation of the isothermal 
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emissivity by the modified BROOKS' method which, from the first , involved a quite 
 arbitrary, not physical, procedure with regard to the estimation of some equivalent 
isothermal path length from the non-isothermal one.  We will therefore reexamine the 
presence of the additional radiation with critical attitude in this paper. 
2 Instrument 
   We used the  copper-constantan thermopile with 14 elements of  MOLL-GORCZ1N5KI 
type which was originally designed for the solar radiation measurement . To avoid the 
irregular heating or cooling by convection, we enclosed the elements with the cylindrical 
water jacket made of copper plate. In Fig . 1, A is the face of the receiver where the 
elements are arranged. There are four diaphragms blackened by carbon black to take in 
                          the atmospheric radiation of limited narrow cone. The
                         diameter of the outside diaphragm is 46 mm, and the
 _ 
 H  -  -  - depth from it to the receiver is 136 mm, therefore the 
  _ 
   _
__—__ apperture is 20°8'.We of course think this apperture 
                          is too large for our purpose, however we inevitably _ 1  _ 
                         chose the size of the apperture with cosideration of the 
                          electric motive force of the elements, together with the 
                           sensitivity of the galvanometer used. The resistance of
• the circuit
, with the exception of that of the galvanometer, 
                          is about 16 ohms and its temperature dependence is given 
                             as  follows.          -46mm-; 
   ,.      .,T
able 1. The temperature dependence of the 
   .: 
                                                           circuit resistance. 
                                                                                                        f______,- 
                                  water  lac ket in `C 
 
.. 
  .' 
------__
, --   
                           Temperature of the0 5
.1 12.4 17.1 23.0 
 
., 
        'Resist
ance of the  '16
.19 16.21 16.32 16,43 16.45         .•circuit in ohm     Allr,i.The  temperaturecoefficient of thecircuit r sistance     im, ,'‘Huis then + 0.1 per cent per degree. By the way, we kept              w.:11,;,..A.N 
     i'll4MIrliethe galvanometer in the nearly constant room temperature 
                .9,-,-./...,7 ,,- 
                           throughout the measurements, so it was needless to take 
                          into consideration the temperature dependence of the
                              galvanometer. 
 II  II 3 Calibration 
          --- The calibration of the instrument was made within 
 Fig.  1. The radiometer andthe energy range of usual hemispherical atmospheric 
 the DINES type  radiator, radiation in clear nights, i.e. from 0.3 in winter to 0.5 cal 
 cm-2  min-1 in summer. The black-body radiator of the 
DINES type (Fig. 1) was used, which was made of copper sheet, blackened on the inner 
radiating surface. Before describing the basic formula of calibration, the following three
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corrections will be considered. 
     (a) Correction for the non-blackness of the radiator. 
    Our calibrations correspond to the range of black-body temperature from —30°C to 
 +10°C. On the other hand, the water jacket temperature being 0°C in winter and  +20°C 
in summer on the average, so that, if the black-radiator used is not perfectly black, 
in addition to the intrinsic radiation from the radiator which is less than the black-body 
radiation corresponding to the temperature of the radiator, some of the stray radiation 
from the cylinder or the diaphragms will be reflected from the radiator surface and as a 
result the net radiatoion from the radiator will be greater than the black-radiation 
corresponding to the temperature of the radiator. It is reported that the surface blackened 
by soot  is  .usually 92 to 96 per cent black  [3]. The net blackness of the  DINES' radiator 
will, however, be much increased by the repeated reflections of the ray entering the radiator. 
Unfortunately we could not estimate the blackness of the DINES' radiator, so we were 
obliged to neglect the correction due to the insufficient blackness of the radiator. This 
will, probably, be to underestimate the radiation coming from the radiator in our case. 
     (b) Correction  for  the surface temperature  of the radiator. 
   When calibrating, the temperature difference between the radiator surface and the 
circumstance in the radiometer attains sometimes about 30° C. In such a case the surface 
temperature of the radiator will not nece-
ssarily coincide with the reading of the  0  7 
thermometer inserted in the water bath 
                                                                  6 -
of the radiator. The presence of this small0.• 
temperature difference was actually chec-  0.5  -
ked by the junction-thermometer directly  0.4 
contacted to the surface, and we confirmed  AT 
that the difference between the reading of  0.3 
the thermometer inserted in the radiator  0.2  -  •  • 
and the surface temperature was propor-
tional to the difference between the radi-
ator- and the room temperatures. (Fig. 2) 
   We used this relation in obtaining the QT, 
                                                     Fig.  2 The temperature differencebe-
surface temperature of the radiator from tween the surface- and the water bath of 
the reading of the thermometer inserted the radiator,  AT1, as a function of the 
in the bath of the radiator in the calibra-                                                        temperature difference between the 
                                                     radiator and the air in the room,  AT,.
 t  ion  . 
     (c)  Correeti(n for absorption and  ernissicn of air between the radiator and the 
elements. 
   There is small amount of air which can absorb the radiation from the radiator to the 
elements and can also emit the radiation. This correction was fully discussed by 
ROBINSON [7]. Our instrument is much simpler than the DINES radiometer used by 
ROBINSON, so that this kind of correction in our case was carried out only by taking the
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transmissivity, say t, of the air into cinsideration. We used the value of t which had  been 
obtained by BROOKS [1] and ESASSER [3]. It is, on the average, 97 per cent in summer 
and 98 per cent in winter in regard to the air column in our radiometer. 
   Taking these corrections into account we obtain the basic formula of calibration in 
the following manner. In the first place, let the temperature of the radiator surface be 
 T0, then its unit surface sends the energy  o-T04 per unit time within the hemispherical solid 
angle, where  o- is the Stefan's constant,  8.13  x  10-41 cal cm-2  min-1 deg.-4 A part of this 
energy whose magnitude depends upon the apperture of the instrument is directed toward 
the radiometer elements, and after suffering weak absorption by the air the energy given 
by  tKoToi reaches the elements, where  K is the geometrical constant of the instrument. 
(As will been seen soon  after it is not necessary to know the value of  K itself.) At the 
same time, the air and the diaphragm are also emitting the radiation,  (1—  t) K0-7',44 and 
(1  —K)o-T,,4 respectively, Ta and  T. being the temperature of the air and the diaphragm 
respectively. If we assume the deflection of the galvanometer to be proportional to the 
total energy given the elements, we will obtain 
                     +  (1-1)  Ka-Ta4+ (1  —K)crT.4  KDo  , (1) 
here K is the proportionality constant and  Do is the deflection of the galvanometer. Next 
by changing the radiator temperature to T (this must be carried out quickly, lest the 
temperature and moisture content of the air and hence the value of t should be changed) 
we obtain 
 1Ko-T04 +  (1  —  t)  Ko-T.4  (1  —  tc)  crT.4 KD (2) 
Subtarcting (2) from (1)  to eliminate the emission of the air and the diaphragm, we obtain 
the following calibration formula,  
t  o-  (T04  —  T4)  =  (D  D) (3) 
If the constant of the instrument K/K be obtained experimentally, we can know by (3) the 
effective temperature, T, of the unknown  radiation, by observing the deflection of the 
galvanometer D when the instrument is directed to the radiator and by observing the 
                              Table 2. Constant of the instrument. 
                                       Temp. of the water Water thickness in the          K/K Date/                                            jacket in  GC  I air column in gr  cm-2 
      20  Oct.  53 0.01908 18.5  2.5  x  10-4 
      15 Nov. 53 0.01900 12.1  1.0  x 10-  4  • 24 Jan. 54 0.01874 0  1.0  x  10-4 
      25 Jan. 54  , 0.01909 17.0  1.7x10-4 
      2 Feb. 54  j  0.01885 4.0  1.0  x  10-4 
    
. . . . . 
deflection  Do when the instrument is directed to the standard radiator. In these  proceSses 
it is assumed that the elements are perfectly black. The values of the constant  K/K, 
were measured several times at different water jacket temperatures. They are cited in 
Table 2. And the temperature dependence of the values is shown in Fig. 3. As shown 
in Fig. 3, the temperaure dependence of  K/K is nearly linear and its coefficient is about
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                               +0.1 per cent per degree. This coefficient just 
 0.0192                               coincides with the temperature coefficient of the 
                               circuit, shown in Talle 1, hence we take it as
                              physcially significant, and in the case of the 
                         - 
 0.0190 measurement of atmospheric radiation, the value 
 xik of  K/K was interpolated with use of it , corre-
                               sponding to the temperature at the  time of mea-
0.01s8 surement . 
 0  10  20'C 4 Measurement of Atmospheric Radiation 
           Water  jacket  v,-,mperatur. 
 Fig. 3. Dependence of  the  con- To keep the instrument away from the strong 
  stant,  KIN, with  temperature. inversion  layer which usually prevails near the 
                              ground, we set the instrument at 7 m high from the
ground. And our observations, except a few occasions, were made at about  WOOL. of the 
local time, when the routine radio sonde survey was to be carried out at Sendai District 
Central Meteorological Observatory which was situated about 3 km east of our observing 
place. The process of the measurement of atmospheric radiation was carried out as 
follows : First, we cover the instrument with the DINES type standard radiator and 
measure  To and  Do, then remove the radiator and turn the instrument to the direction 
of zenith angle z and measure the effective sky temperature,  0, and D, then again cover 
the instrument with the standard radiator and measure  To and  Do and so on.  0r is then 
given by 
 (9z4  __  _K  4_  0_  To,  (4) 
where, as the values of  To and  D0, mean values of those before and after the  U. measurement 
is to be taken. Knowing  0 for respective z, the downward flux will be given by 
               F 00r2 0,4sin z cos zdz (5)         it 
where  cb is the azimuthal angle. Or, if the stratification of the atmosphere is homogeneous 
with respect to  4, we have 
            F  =  0  d  (cos  2  z) (6) 
 In practice the observations were carrid out on the following zenith  angles  ; 
   0° 16° 23°  30° 370 440 510  56° 62° 68° 74° 
   (In an early stage of our observations some of them were missed). By graphical 
integration we obtained the values of the downward flux as shown in the fourth column 
of Table 3. 
5 Comparison of Observed Values with Computed Ones by Radiation Chart 
• Before comparing these values with  computated values by radiation chart, we shall 
summarize briefly the critical discussion on charts in practical use. 
   According to  ROBINSON [7, 8], the ELSASSER chart gives result too high by 6 to 14
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                                                                Table 3. The observed and 
                                   Air temp. and humidity  Ob
served down- Reduced path                                     at the observin
g  place                                                                ward flux
                  Date and time 
 ')C mb cal  cm-2  min  1 p correction 
           0030 27 Sep.  1953 20.2 14.1 0.454 1.86 
         2330 3 Oct. 13.4 13.5 0.433 2.01 
         2340 4 Oct. 15.7 17.8 0.449 1.84 
          2315 7 Oct. 13.1  : 13.7 0.418 1.24
         2100 14 Oct.  11.2 8.8 0.394 1.30
• 
         2300 26 Oct.8.410.7 0.378 1.10 
         2320 27 Oct. 6.9 9.8 0.395 1.46
         2300 3 Nov. 6.8 9.6  . 0.375 0.86 
         2320 5 Nov. 11.0  • 7.6 0.371 1.20 
         2350 20 Nov. 1.8 4.8 0.311 0.61 
        2330 30 Nov. 5.8 7.9 0.382 1.42 
         2300 1 Dec. 11.8 3.1 0.407 1.44
        2340 12 Dec. 5.6 4.9  0.343 0.63 
         2315 23 Dec. - 2.0 4.2 0.316 0.68
          2330 6 Jan.  1954  0.2 4.3 0.314 0.63
         2300 8 Jan. - 0.3 4.7 0.334 0.83 
          2330 18 Jan.  i - 0.7 4.1 0.322 0.65 
         2345 1 Feb. - 1.4 3.8 0.290 0.42
         0030 3 Feb.  - 3.8 4.0 0.302 0.59 
         2315 17 Mar. - 1.2 4.1 0.301 0.45 
per cent for the ranges for the downward radiation at the ground of 20 to 25 mw cm-2, 
whilst for the ranges of 30 mw cm-2 and higher, the computations are correct within  ±3 
per cent and he suggested that the divergenece found was due to overestimation of the 
emissivity of water vapour in the presence of carbon dioxide by ELSASSER, together with 
the presence of a variable additional radiation from 0 to 8 per cent of the total. 
   The experimental Kew chart has shown rather good agreement with  ROBINSON'S 
observations. This chart, however, seems to have an unreasonable point as to its physical 
basis of construction as was noticed by  YAMAMOTO  [9]. 
   YAMAMOTO [9] has constructed a new chart similar in shape, but different in principle 
to Kew chart. He takes as ordinate the mean transmission function instead of the 
emissivity taken by  ROBINSON in Kew chart. 
   Here we shall deal with the ELSASSER chart and the YAMAMOTO chart. In actual 
computations of the fluxes with use of the respective charts, first the differently assumed 
effective thicknesses were used according to the designation by respective authors, that 
is, in the YAMAMOTO chart the effective thickness with pressure correction proportional to 
pressure  75 was used and in the ELSASSER case that proportional to  pv2 was used. The 
results of computations were shown in the seventh and the eighth columns of Table 3 
and the excesses of the computed over the observed were plotted in Fig. 4a. 
   As shown in Fig. 4a, the computed values by ELSASSER chart, as a whole, exceed the 
observed, and the excesses are from 5 to 15 per cent. This relation is similar to the result 
noticed by ROBINSON, which is  shown in Fig. 4b for the sake of comparison. The difference 
between ROBINSON'S case and our case is that the computed values by the ELSASSER chart 
agree with the former observations for large values of the downward radiation, i.e., for 
0.43 cal cm-2  min-' and higher, while in our case the computed values by the ELSASSER
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 the computed downward  duxes. 
(cm.  water Computed downward flux (cal  cm-2  min--1) 
 withYAMAMOTo chart ELSASSER chart 
 p1/2  correction('Reduced path \iReduced path  )(/Reduced pathi                 with p correction)with p1/2 correction) k with p correction) 
 2.07  0.468 0.487 0.485 
 2.26 0.442 0.464 0.462 
  1.99  0 .452 0.470 0.467 
  1.38 0.405 0.439 0.437 
  1.45 0.396 0.433 0.430 
  1.20 0.380 0.408 0.406 
  1.58  0.403 0.429  0.426 
  0.93 0.378  i 0.398 0.397 
  1.35 0.385 0.420  0.417 
  0.69 0.322 0.351 0.350 
  1.58  0.382 0.415 0.413 
  1.61 0.412  0.445 0.443 
  0.70 0.342 0.367 0.366 
  0.76 0.318  0.343 0.341 
   0.75 0.316  ,                       0.347 0.343 
  0.88 0.343 0.364 0.363 
  0.72 0.332 0.357 0.355 
  0.47 0.295 0.337 0.336 
  0.65 0.303 0.330 0.328 
  0.50 0.309 0,337 0.335 
                                                                • Elsasser chart
 F.  •  
0 Yamamoto chart 
 0.04  -  • • 
                         L.•  C.'- 003-1!! I •  T 
   T..,F, 
  q.,0.02-•1, • 
           
: !  117 '', 1 / 
         ! (a .   E-001-E':.1,-"'[,v_L:'1 
  Observed radiation 
 78  ' 0.01 - 
       o. 5iit  0.02 - 0,30 0.35 0.i400.i                                                            450,150cal cm -2miry,71 '" 
 c 
 (..) 
                                                                • Elsasser chart 
 o  0.04 - • •  0 Kew chart  :-,-00.03 -• 1 
                                           . 
          0.02 - 
              ••I. 
2_!,I4041, 
                             
!i'! 
   "E ..G. 0.01 - 1 - ! I                   .., ID 1I j, ^ , 7 
(b) 
         _,i tH -i,,,:!i 7- Observed  ra iatioi 
 E-:i 
 fu 0.01 - -       
i -,-,  .. , 0.02 - 1 11I1  0
.300350.400.450,50 cal  cm-2min-I  Q
.  0.03  - 
:.-- 6 
   O0.01 -       '...)_ 
                      Fig. 4. Excess of computed over observed radiation. 
 (a) Based on our observations. (b) Based  on ROBINSON'S observations. 
chart always exceed the observed values in the whole range of the observation. The reason 
of this discrepancy is not yet cleared up by us. Fig. 4a also shows the relation between the 
observed values and the computed values by the YAMAMOTO chart. The fairly good  agree-
  26 G  YAMAMOTO AND T. SASAMORI 
  ment between them is seen in the whole range of the observation. Strictly speaking, 
   however, the  computed values exceed the observed in  a small  amount. The excess is 3.8 
  per cent at the maximum and  1.6 per cent on the average. This difference would partly 
  be ascribed to  the underestimation of the  radiCion coming from the standard radiator as 
   was already discussed, but we can not, at present, examine the  cause of the excess  any 
    more. 
      There is rather great difference between the computed values by the ELSASSER chart 
   and by the YAMAMOTO chart. To ascertain whether or not this differenc is an apparent 
   one due to the differently assumed effective path lengthes in respective cases, the com-
   putations by the ELSASSER chart with use of the effective path length with the pressure 
   correction proportional to pressure, were carried out and the obtained values are shown in 
   the ninth column of Table 3. It will be seen that there is no  essential difference between
   the computed values by ELSASSER chart with use of both effective path  lengthes. This 
   result is easily recognizable, because more than 80 per cent of the total radiation will be 
   emitted by the water vapour below the 900 mb level. Thus we are inclined to consider 
   that the difference between the computed values by the ELSASSER chart and by the 
   YAMAMOTO chart is dueto the differently assumed transmission  viluesand carbon dioxide 
   corrections in respective charts. 
   6 Examination of the Presence of the Additional Radiation 
      Recent papers of  ROBINSON [7,  8] are very attractive in the point that he suggested 
   the presence of the additional radiation which, according to him, would originate from 
   some radiators in the atmosphere other than water vapour and carbon dioxide. He drew 
   this conclusion from the stand point that the isothermal emissivities computed by the 
   BROOKS' method scatter considerably and the minimum values of them yield consistent 
   values for atmospheric emissivity although they were obtained in different weather situa-
   tions on widely separated occasions. Hence to examine the presence of the additional 
   radiation by our observations, it would be necessary to compute the isothermal emissivity 
   following  ROBINSON. The method of estimating the isothermal emissivity from the 
   atmospheric radiation measurement was originally due to  BROOKS  [1] who assumed that 
   the  emissivity  0,4/0964 corresponds to the isothermal path length  (0,4/090) u sec z of tem-
   perature  090 asthe first approximation, where  ez and  0„ are the effective sky temperature 
   of zenith angles z and 90°, and u is the effective water path length of column at zenith. 
   BROOKS made further correction to the emissivity curve by the following procedure, that 
   is, by computing the sky emission with use of the assumed emissivity and correcting the 
   emissivity curve by the trial and error method until the computed emissivity fitted the 
   observations. On the other hand ROBINSON seems to be satisfied by the first  approxima-
   tion values of the emissivity obtained by the BROOKS' method, although he made minor 
   modifications to the  BRooKs' method, one of which is that he used the screen temperature 
    instead of  09©. 
       We  also carried out the computation of the isothermal emissivity following the 
 RomsoN's method with use of our observations as shown in Fig. 5. We can see from Fig. 5 
    that the divergence of the emissivity thus computed is between ROBINSON'S minimum
    emissivity curve and BROOKS' curve. This means that there are no essential differences
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or systematic errors between  ROBINSON'S observations and ours. Hence , if  ROBINSON'S 
way of thinking were correct, our result shown in Fig. 5 would also be considered to confirm 
his conclusion of the presence of the additional radiation. 
 / 
 / 
 90  Brook, 
 /  0 
 /a  C.J 
 85  ;:11111T1, 
                     /  0 0 
                                                    /c}C 
 so 0 0 o 
                                0.600 ock, o, / 
 0  0• 
75  
  it 0/ so 80  al  0   5'';0:: 
0 o 9'  0                                              •I':. do 
 44 700  / c;1)   o cS° 0 
                                            0/, 
 %°00 ..:co/  
                                          oo65 
 0/630° 
 SP/  cycl  . 
 0 
 0 0:1 
 ocb 
          0.2 0.4 0.6 1.0 2.0  41) 6.0 10 20 
                                        Radiating  pathitwater  cm, 
                         Fig. 5. Atmospheric  emissivity, (with  COO 
   On the other hand, it is already shown that a fairly good agreement holds between 
the observed fluxes and the computed ones by the  YAMAMOTO chart, which takes into 
account as the radiators only water vapour and carbon dioxide. Thus at least concerning 
the downward flux, there seems to  be no need to consider the radiators other than water 
vapour and carbon dioxide. After all, it is  likely that there may be some unreasonable 
points with regard to the  ROBINSON'S method of deriving the isothermal emissivity from the 
atmospheric readiation intensity of originally non-isothermal path length. It was already 
noticed by ELSASSER  [2] and  MOLLER [5] that a ground inversion can change the atmos-
pheric radiation considerably. In our opinion the most doubtful point of the ROBINSON'S 
method may be concernd with this fact. That is, it is questionable whether or not the 
simple  ROBINSON'S method without further correction as in  BROOKS' method may be 
applied reasonably regardless of temperature distribution in the atmosphere. To examine 
this point the computed emissivities were classified in three groups in accordance with
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the following temperature  profiles  ; 
          Group I : Severe inversion 
 " II : Weak inversion  
"  III: Inversionless . 
 Individual temperature distributions and the corresponding emissivities in each group 
are shown in Figs. 6, and 7. It will be seen from Fig. 7 that the emissivities of each group 
are rather settled around a mean cruve drawn in each figure and that there are  evidently 
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            (b) Weak inversion. (c) Inversionless. 
               Fig. 6. Temperature distribution as a function of water thickness 
                Abscissa,  Deviation from the base temperature. 
              Ordinate, Radating path length (water. cm)
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systematic differences of the emissivites in each group. Here it will be interesting to notice 
that the mean curve in Fig. 7c is nearly coincident with the ROBINSON'S emissivity curve , 
and the mean curve in Fig. 7a is so with the BROOKS' emissivity curve each with carbon 
dioxide. (They were taken from Fig. 10 of  ROBINSON'S paper  r7]). Let us now examine 
some typical case in each group more fully. As an example of group I (severe inversion) 
we shall consider the case of 27, Oct. 1953, in which the computed emissivity quite agrees 
with BROOKS' curve as shown in Fig. 7a. At the same time Fig. 6a indicates that more than 
80 per cent of the total moisture in this case is contained in the part of the air column whose 
temperature is higher than the base temperature of the column and only less than 20 per 
                                                          1,- 
                       I/                             90 I_-------                                     Brookscurve 
 Mean curve of)( 
                                    severe inversion group ,:6
       85 - .,                                  ,0 
                                                                                                       , .  
 -it,        80• ,                                                                                      /.."                 '• 
                                                 ..s. • 03. Oct. 53 
 75  _•  27.0ct.  53 
 ®  3.  Nov.  53 
 70  -„/., .•  x  30.Nov.53 
                                                                                               ,.. 
             
.,.) .7_  al  1.Dec  .53 
 65  -   /   0  8.  Jan.54 
 A  18.  Jan.53 
 60-                       
I  1 I  , I I I  i  , 
 0.1 0.2  0.4  0.6 1.0 2.0  4.0  6.0 10 20 
                                     Radiating path  (cm) 
                                     (a) Severe  inversion. 
 90 - - -  -  -  -  Robinson's curve  90  
   Mean curve ofi  Mean curve of 
           i_-           weak inversion groupinversion less group 
                     AZ__ 85  85 
  
1 .        80 / 
                             4. Y                                                    AO   75  
.... 
                                      , 
                    '•--;.: 75 
                           
...._.t ce.•,:i.,0  27.  Sep.  53             i .,0 4. Oct. 53,, 67z,                                  ;,:ritrA___1 a  7.  Oct.  5370
•  26.  Oct.  53 CZ,c..,                                         0                                         00/g"••14. Oct. 53           Q•   
Tfi1.10.=                                                         ,,. 
 ® 23.  Dec.  53 
 65,  Li.) 65  ----- x 3.  Feb.54icisrY'x  Nov.  53  20.  Nov.  53 
                 * 17.  Mar.  544/60)12 .  Dec.  53 6060
X.-I h  , 6.  Jan.  54 
 • 1. Feb.  S4 
    0.1 0.2 0.4 0.6 1.0 2.0 4.0 6.0 10 20 0.1 0.2  0:1 0.6 1.0 2.0 4.0 6.0 10 20 
 1Zadiating path  tam Radiating path  ;cm; 
           (b) Weak inversion. (c) Inversionless.
                        Fig. 7. Classification of the emissivity curve
   30  G  YAMAMOTO AND T SASAMORT 
    cent of the total is contained in the upper colder column whose radiation effect to the base 
    of the column would he exceedingly small. In such a case it would  be probable that the 
    RBINSON'S isothermal emissivity (94/7-04                                       {,/is the base temperature of the column) is 
    too high to he reasonable, because the temperature of the main part of the column 
    is higher than  L. Hence sonic further correction to reduce the value  0,,4/L4 or to 
    increase the effective isothermal path length  (0,4/T„')  u sec z would be necessary in this
    case. Next we shall examine the data on 20, Nov. 1953, (inversionless case). In this 
    case the computed emissivity agrees with ROBINSON'S curve, while the temperature of the 
    column decreases steeply upward. By the quite similar reasoning as before some 
    correction of the  RBOINSON'S  emissivity in this case to increase the value  0,4/T„' or to 
    reduce the effective isothermal path length would seem to  be necessary. Thus we think 
    the reasonable isothermal emissivity curve is to lie between BROOKS' and ROBINSON'S 
    emissivity curves. Although these arguments are qualitative and unsatisfactory, it 
    is because the original BROOKS' and ROBINSON'S methods themselves involve some
    arbitrariness, and we can not proceed further, at least, following their methods. 
        In conclusion, because of the two reasons, that the observed downward fluxes are in 
    good agreement with the computed ones by the YAMAMOTO chart which considers only
    water vapour  and.carbon dioxide as atmospheric radiators, and that, even if the isothermal 
    emissivity is to  be obtained from the atmosphric radiation measurement, some further 
     corrections to the  ROBINSON'S procedure must be necessary both for the inversionless case 
    and for the severe inversion case, we can not agree with  ROBINSON on the presence of the 
    additional radiation of such considerable amount as reported by him. Finally we will add 
    a remark on the temperature distribution on clear nights. Until  we set to the present 
    investigation we had simply considered that the ground inversion would always accompany 
    to clear night, skies so that in the course of our observations we were astonished at 
    the varieties of the temperature distribution of clear night skies. However, we soon 
    recognized that the various temperature distributions are probable depending upon the 
    duration after the clouds had cleared up, and also upon wind velocity, moisture content 
    of the air and dryness of the surface, etc. We  think this fact is one of the main reasons 
    of the scattering of the observed of values when they are arranged by the BRUNT'S 
     or  AN-GsTROm's formulae. 
        Acknowledgement — The authors express their hearty thanks to Dr. H. MANO, 
    Director of the Sendai District Central Meteorological Observatory, for putting the nece-
    ssary radio sonde data at the authors' disposal so quickly, and to Messrs. B.  SATOand 
    S. YAMAMOTO for their preliminary efforts, without which the present investigation could 
    not have been carried out. 
       They also thank for the financial aid given by the Ministry of Education. 
                                      References 
         1.  BROOKS, F.  A.: Observation of Atmospheric Radiation. Inst.  Pap Phys. Ocean. Met., 
               Cambridge (Mass). 8, No. 2, (1940). 
        2. ELSASSER, W.  : Radiative Cooling  in the lower  Atmpsphere  Month Weath. 63, 185-188, 
 (1940).
            MEASUREMENT OF ATMOSPHERIC  RADIATION 31 
3. : Heat Transfer by Infrared Radiation in the Atmosphere Harvard Met. Studies, 
 No. 6, (1942). 
4.  MIJGGE, R. and  MOLLER,  F.  : Zur  I3erechnung von  StrahlungsstrOmen  and  Temperaturande-
      rungen in  Atmosphdren von beliebigem Aufbau  Zeit. Geophys. 8,  53-64, (1932). 
5.  MOLLER,  F.  : Long-wave Radiation Compendium of Meteorology, 34 49,  (1951). 
7.  ROBINSON, G.  D.  :  Note on the Measurement and Estimation of Atmospheric  Radiation, 1 
       Qurt. J.  Roy,  Met, Soc. 73,  127-150,  (1947), 
S.  —  , 2 ibid. 76,  37--51,  (1950). 
9.  YAMAMOTO,  G.  : On Radiation Chart  Sci. Rep.  Telhoku  1.1uiv.  See. 5,  Geophys. 4,  9  -  23,  (1952).
